Few Americans meet the recommendations of the Dietary Guidelines for Americans and many do not know how to apply food and nutrition information to develop a personal approach to preventing diet/lifestyle-related diseases. In a time of rapid technologic advancement and rewards for innovation, a critical opportunity in food and nutrition science exists for improving health and reducing disease risk. The National Center for Food Safety and Technology (NCFST) recently established the Health Promoting Foods research platform to support the availability of safe food by using emerging technologies for improving food quality and consumer choice. A workshop convened with leading regulators and nutrition, genetic, medical, toxicological, behavioral, and consumer scientists to: discuss challenges facing personalized nutrition and health, develop strategies to overcome challenges using innovations in food and information technology, and define and prioritize a short-and long-term research agenda for the research platform. The workshop included presentations and in-depth discussions on the state of the science in genomics, behavior, food, and information technology. Workshop participants identified gaps, intersections, and new opportunities for delivering individualized food-based solutions that would be more accessible, affordable, and convenient. The research agenda, which was developed within a framework of providing information and guidance to the food and associated industries, supporting the process for health-related claims, building consumer confidence in data and food-health information, and providing a pathway for implementation of the US Dietary Guidelines for Americans and other public policies, reflects the commitment of the community, government, food industry, health organizations, and academia to improving health.
Introduction
Nutrition plays an important role in preventing disease and is vital to the restoration of health and quality of life. The next phase of disease prevention through nutrition is tailoring dietary recommendations to the individual. Developing a body of scientific knowledge on which preventive dietary recommendations can be based is critical to personalized nutrition. Collaboration among the FDA, academia, and the food industry presents an opportunity to develop the scientific foundation for individualized dietary advice.
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Safety and Applied Nutrition (CFSAN) of the FDA, Illinois
Institute of Technology, and the food industry that permits collaboration on food safety, nutrition, and technology research to address the needs of the public and private sectors. In 2007, NCFST added to its existing portfolio of scientific excellence a department of nutrition and formed a 4th research platform, Health Promoting Foods, integrating sciences, technology, and approaches with established NCFST research platforms: Microbiology, Chemical Constituents and Allergens, and Process and Packaging. On September 25, 2008,~50 leading regulators and scientists from government, nutrition and medical science, behavior and consumer science, and the food industry convened in Washington, DC for a workshop to develop the research agenda for the Nutrition-Health Promoting Foods platform. A secondary objective of the workshop was to publish the proceedings of the event to communicate research needs and opportunities in nutrition as viewed and discussed by a scientifically and commercially diverse, thought-leading group.
Co-organized by NCFST and the FDA, the workshop entitled The Role of Innovation and Technology in Meeting Individual Nutrition Needs assessed the state-of-the-science in genomics, behavior, food technology, and information technology to identify gaps, intersections, and new opportunities for applying innovations in the field of personalized nutrition. The workshop included presentations on the challenges facing personalized nutrition and health and, moreover, ways in which these challenges can be overcome using innovation and technology.
Workshop participants developed a research agenda for the Nutrition-Health Promoting Foods platform within the framework of: 1) supporting scientific inquiry and validation of food and beverage components that confer protection from illness and disease and promote health; 2) supporting implementation of Dietary Guidelines for Americans and other public policies and recommendations to meet public health goals; 3) providing information and guidance to the food and associated industries for focusing development imperatives; 4) supporting the process for health-related claims; and 5) meeting consumer demands for personalization and confidence in data and food-health information.
The specific goals of the workshop were to identify 3-5 research topics related to delivering a personalized nutrition approach and to define and prioritize short-and long-term objectives for those research topics, keeping in mind the core competencies of NCFST, critical partnerships and special resources, and the need to align the research agenda with food safety requirements.
This monograph is consistent with the workshop program and outcomes and describes the exciting opportunities for personalizing nutrition and health while taking into account the persistent challenge of changing human behavior. In this context, the workshop opened with an overview of the stateof-the science for genetics and genomic profiling, including implementation for use in personalizing nutrition. An overview of current knowledge of human behavior followed and highlighted the harsh reality of overcoming environmental and personal obstacles to achieve and maintain a diet and lifestyle consistent with health. This prelude session provided an understanding of gaps between technology, implementation, timing, and human genetic, cultural, and nutritional diversity and behavior. This information was the base for subsequent sessions to consider practical solutions to bridge the gap(s) in applying advances in food technology and information and device technology available today. A major outcome of this session was to provide the scope and priorities for a research agenda. Key conclusions were that establishing the knowledge base to promote individual and public health through better dietary choice requires the use of innovation, new research strategies, and technologies.
Personalizing nutrition: new frontiers and challenges Genome and microbiome in individualizing nutrition. Advances in the understanding of the human genome hold promise for personalized medicine and nutrition. However, the diversity of human genetic backgrounds, individual nutrition (e.g. differences in food composition, influences of culture and food preparation, and food processing) and the heterogeneity of pathways to disease and health present challenges to personalized nutrition (1, 2) . Personalization of health care will require an improved understanding of the reasons underlying the distribution of health within populations and the distribution within cases. Assessing whether disease risk as calculated for the population is applicable to individuals is important because of the complexity of factors that influence individual risk. One example is haplotype K (HapK), a set of 4 single nucleotide polymorphisms within the LTA4H gene encoding leukotriene a4 hydroxylase, which influences risk of cardiovascular disease. Although the frequency of HapK is lower for African-Americans than for European-Americans, the presence of HapK confers an~5-fold higher risk of myocardial infarction and cardiovascular disease in African-Americans compared with the 1.3-fold risk for European-Americans (3). The differential effect of HapK is thought to arise from interactions between HapK and other genetic variants (gene -gene interactions = epistasis) and/or nongenetic risk factors. These results show that a gene variant (exemplified by single nucleotide polymorphisms) is context specific; a person's total genetic make-up affects how the gene variant is expressed and the associated risk(s). This relationship is often lost in the excitement of genome-wide and genetic association studies.
In addition to the ever-increasing knowledge gained and opportunities emanating from the sequencing of the human genome, emerging evidence suggests that the gut microbiome may hold even more answers to optimizing health. Animal and human studies have indicated that the composition of gut microbiota impacts the ability of the host to extract energy from dietary sources and, therefore, play a role in obesity (4). Genetically obese mice have fewer Bacteriodetes and more Firmicutes, the 2 major phyla of beneficial bacteria in the gut, than lean mice (5) . Similar trends exist in humans; obese individuals had a lower relative proportion of Bacteroidete bacteria and a higher relative proportion of Firmicute bacteria than lean individuals (6) . Studies have also shown that altering the diet can modify the composition of bacteria in the gut. Weaning and maintaining conventionally raised C57BL/6J mice on a Western diet containing high levels of fat and carbohydrates such as sucrose, corn starch, and maltodextrin, for 8-9 wk resulted in a significantly higher weight gain and significantly higher adiposity compared with genetically identical mice that were weaned and maintained on a low-fat diet containing high levels of complex plant polysaccharides (7) . The mice on the Western diet experienced a relative increase in Firmicute bacteria and a relative decrease in Bacteroidete bacteria (7) .
Correspondingly, in obese humans, the relative abundance of Bacteroidetes increased and that of Firmicutes decreased over the course of 1 y, during which the obese individuals adhered to either a fat-or a carbohydrate-restricted, low-energy diet (6) . Systemic inflammation may also be affected by microbiota composition and function, suggesting that we choose foods to nourish a commensal composition of gut bacteria as well as nourish our human cells for optimal health. The future holds a better understanding of diet and symbiotic interactions between gut and host genomes to achieve and maintain health.
Among nongenetic risk factors, the environment plays a prominent role in contributing to the manifestation of a genetic predisposition to disease. Hence, the characterization and understanding of gene-environment interactions is vital to developing successful disease treatment and preventive options.
Gene-environment interactions are defined as "a different effect of an environmental exposure on disease risk in persons with different genotypes" or "a different effect of a genotype on disease risk in persons with different environmental exposures" (8) . One approach to account for human genetic, nutritional, and physiological diversity is to more completely characterize individuals using -omic technologies (genomic, proteomic, metabolomic) and subsequently categorize the individuals into metabolic groups (2), i.e. the path to personalization may necessarily require identifying and creating groups of individuals with similar responses. For example, intake recommendations for soy and other isoflavone-rich foods may rely on predetermination of whether an individual is an equol producer. In this example, equol producers would be expected to realize benefits of soy intake (at specified dietary levels), whereas benefits for those not producing equol would be less likely or require much higher intake levels (9) . Dietary assessments are essential to this process, because an individual's current diet may alter the results of -omic analyses. Initially, comparisons can be made between groups that differ most with respect to phenotype or genotype to capture the largest range in human variation, after which intermediate groups can be determined and additional comparisons made. The results of these types of studies have the potential to advance the understanding of what is necessary for individual wellness and may provide information for targeted fortification programs for different genetic and cultural populations throughout the world (2, 10) . This approach contrasts with standard methods in medical practice where individuals with a common ancestry who differ in health and disease are typically studied. Because the population is often restricted to 1 ancestral group, the data cannot be reliably applied to all individuals or other populations. In summary, personalization of nutrition and medicine will require conducting genetic and genomic analyses, developing evidence-based data and elucidation of mechanisms, using health indicators and disease biomarkers, performing nutrient and activity assessments, involving community-based participatory research, and assessing the cost and benefit for implementation.
Behavior and the environment: new landscape, new hurdles for achieving Dietary Guidelines for Americans Despite decades of effort to build awareness and educate the public to follow a diet consistent with the messages of the Dietary Guidelines for Americans, few people adhere fully to all facets of the guidelines (11) . These low rates of adherence occur despite clinical evidence that lifestyle changes, which include dietary modification, can be more effective than medication (e.g. diabetes prevention program) (12) . Eating patterns consistent with the Dietary Guidelines for Americans include the USDA MyPyramid (13) and the Dietary Approaches to Stop Hypertension eating plans (14) . The Dietary Approaches to Stop Hypertension clinical study examined the effects of nutrients in food on blood pressure (15) . The Fruit and Veggies-More Matter program (16) has replaced the Five-a-Day Program for Better Health Program (17) (18) (19) . The food label represents another approach to helping individuals develop healthful diets (20) . The lack of success with adoption and adherence to dietary recommendations for disease prevention indicates a need for additional research about eating behavior and motivation. The amount of food an individual consumes is unknowingly driven by environmental factors such as portion size, salience, structure, shape, and whether food is stockpiled (21) . These food environment factors and the eating environment make individual consumption more difficult to monitor and provide a 428S Supplement perceptual suggestion to establish a new consumption norm. Packaging food in smaller amounts can potentially lead to lower food consumption and better management of energy intake and body weight (22) . Whether this or other strategies to modify eating behavior will improve spontaneous, sustainable, and resistant compensatory behavior remains in question; however, simple, practical, implementable solutions can provide highimpact results on health and warrant investigation.
Important drivers in consumer mindset and behavior include appearance, control, plan/structure, simplicity, and convenience (23) . Methods for modifying eating behavior that increase structure and decrease choice appear to be most effective. Consumers need help on 'how to' achieve health goals rather than 'what is' the goal. There is also the value proposition in terms of a payoff for following a specified dietary pattern. Behavior changes can be measured using weight or BMI, dietary intake using FFQ, 24-h recall, diet diaries, biomarkers (e.g. blood pressure, glucose, C-reactive protein, lipids), and activity level can be assessed using self-reported measures, or, for more precision, pedometers and accelerometers. Each of these measures can provide feedback on progress toward goals and value of adherence.
Success in changing eating habits and improving health may require evidence that the imposed change will work for the person. Individuals need to be given a stylized, but specific, set of modifications to be made and how to make them, understanding that even the most committed people who want to change will exercise latitude. Hence, programs prepared for different levels of commitment, "readiness to change," should provide appropriate accountability tools to encourage success. Because free choice and lack of accountability generate less compliance than being told what to do, it can be inferred that minimizing environmental distraction may help to achieve goals of better health through diet. Investigating the effects of taste and satiety on eating behavior can bring us closer to answering how to alter eating patterns as dictated by the brain.
Behavior change: the challenge. Insight into the challenges and approaches for changing human eating behavior can be obtained from experiences in the behavioral treatment of obesity (24) . Behavioral and nonbehavioral factors contribute to the development and treatment of obesity. Common behaviors and strategies of successful weight loss maintainers in the National Weight Control Registry indicates that consumption of a moderately low-fat, high-carbohydrate diet, consistent selfmonitoring of body weight, daily consumption of breakfast, and very high levels of physical activity (24) . Similar to smoking cessation, overcoming persistent unhealthy eating behavior requires readiness and commitment to change, recognition of cues precipitating undesired behavior and methods for breaking the links between cues and behavior, and implementing new behaviors prompting and supporting change (25) . Furthermore, messages about diet and physical activity should be sensitive to unintended pejorative assumptions.
One component of behavioral treatment of obesity is selfmonitoring to identify triggers or cues of food intake. Individuals monitor the types, portion sizes, and caloric content of foods they eat and the times, places, activities, thoughts, and moods associated with eating (26) .
Meal replacements have been shown to increase initial and long-term weight loss (27, 28) . Meal replacement represents a strategy to minimize interference with old behaviors and decisions around food intake by providing fixed portion meals that are satisfying and convenient to use. Meal replacement limits food choices and contact with problem foods, thereby increasing adherence to the modified diet. Although incorporating meal replacements into the diet serves as a simple way to eat healthy, planning is an important component of the behavioral treatment of obesity and can help increase the likelihood of healthy eating. Using technology to help plan, break links, minimize distractions, and encourage focus on behavioral outcome goals requires research and development for use at the public health level.
Innovations: using new strategies to meet nutritional needs Practical approaches for improving health will have important value and impact on overcoming the challenges related to achieving changes in behavior. Information and personalized monitoring technology, such as self-guided dietary information kiosks at food outlets (e.g. grocery stores, restaurants), home (e.g. computer) and hand-held personal devices can be used to induce better eating habits, increase physical activity in individuals who lack motivation and provide positive reinforcement for highly motivated individuals. New developments in food technology and information technology provide personalized tools to provide support to individuals in their quest for improved health.
Food technology. Innovations in food technology can influence consumers' food choices and improve nutrient intake. Food factors such as flavorings, packaging, processing, and genetic engineering may alter nutrient content. Adding flavors increases children's milk consumption and nutrient intake at school but does not adversely affect their weight (29) . Herbs and herb blends add flavor to food and may increase the consumption of reduced-sodium foods containing these ingredients. The nutrient content of many crops can be increased through traditional breeding practices. Ultra Rice, developed by PATH and manufactured by Swagat Food Products (P), Ltd. India, Adorella Alimentos Ltda Brazil, and Unió n de Arroceros S.A. Colombia (30) , containing vitamin A, has been used experimentally to decrease blindness (31) . Nutri-Rice is a rice bran and germ product containing antioxidants and other nutrients that is available in 2 varieties. Nutri-Rice Select, described as the product in "its natural state," can be sprinkled on cereals, soups, pastas, or salads. Nutri-Select Solubles is the product from which the insoluble fiber is removed but the water-soluble fiber retained that can be mixed into drinks (32) .
The packaging and processing of food may alter eating behavior. Burger King customers can purchase kids meals that contain apples that are sliced and packaged like French fries, making them fun for kids to eat. Apple fries can also be purchased separately, encouraging the older crowd that food choices can be fun and nourishing. In addition, 100-calorie packages of snacks are now available for purchase. However, the question remains as to whether this type of packaging will be effective in portion control.
Baby cut carrots, which are peeled adult carrots cut into~2-inch sections, were created to avoid waste of imperfectly shaped adult carrots that would otherwise not be used. The popularity and convenience of these items as finger foods led to a dramatic increase in carrot consumption, demonstrating that improving dietary intake patterns, such as increasing fruit and vegetable intake, will require creativity and innovation to capture the interest and attention of the modern-day consumer. Treating mushrooms with UV B light for 2 min is an innovative approach to processing mushrooms that has resulted in a novel value-
The role of innovation and technology in meeting individual nutritional needs 429S added source of vitamin D (33), which is essential for bone health and is being investigated for cancer prevention and brain development (34) . Fruit and vegetable edible films have also been produced to limit packaging waste, improve freshness, and enhance nutrient intake. Advances in extraction and separation methods, preservation, protection, and delivery methods all hold promise for offering health opportunities through foods; however, limited research is available to verify the impact and estimate long-range costs and benefits. Clearly, cost-benefit analyses must be included in the research plan if sustainable health opportunities are to be developed and adopted by 21st-century consumers.
Yield, pest control, ripening characteristics, and flavor are among the usual pre-and post harvest attributes bred for in cultivated crops. More recently, plant breeders are exploring the use of traditional breeding techniques to improve nutritional characteristics of plant foods and/or to improve flavor profiles so people will choose plant foods more often. Of note is that a breeding tradeoff between usual pre-and postharvest attributes (i.e. pest resistance, antifungal, or antimicrobial properties) for nutritional attributes is not necessary. Many plant compounds, often referred to as phytochemicals, protect plants from pest, microbial, and mold invasions. Some of these same protective phytochemicals may provide benefit to humans when consumed (35) . Determining the optimal phytochemical content, including flavor, to meet the needs of all stakeholders (growers to consumers) might be the more difficult task, although not impossible. Examples of this work include breeding for higher lycopene content in tomatoes and improving the flavor profile of broccoli to increase consumption of valuable glucosinolate compounds. Combining genotyping techniques in plants and humans, for flavor and taste perception as an example, is one way people could individualize their menu by choosing varieties of plant foods that meet their nutritional needs and genetically determined taste preferences. Surveying plant genetics for genes in plant foods that have been silenced during domestication presents opportunities for new plant varieties with enhanced quality profiles. Domesticated tomatoes, e.g., are low in phenolic compounds that are being studied for their health benefits, as evidenced in studies conducted on cocoa, red wine, and berries. Crossing domesticated tomatoes with wild tomatoes can increase the level of phenolic compounds (Dan Kliebenstein, UC Davis, personal communication). A pending grant proposal aims to test the health benefits of these tomatoes in a randomized, double-blind control trial. A unique advantage of using breeding techniques to grow foods with desired attributes is that it is possible to develop both the whole food to be tested for health benefits and the comparable food product without the health benefit to function as a blinded control, validating clinical outcomes in a rigorous model where human benefit is intended. This combination of plant breeding to develop tools for human clinical trials represents a step change in research, bringing the nutritional, medical, and agricultural communities together to promote health and reduce disease risk through food.
Using food factors to drive food choice for health should also consider the role of food and meal satisfaction in eating behavior. In this context, satiety and the connection between the diet, gut, and brain are important. Hunger and lack of satisfaction with food are among the top-ranked reasons people do not adhere to dietary recommendations. Taste is a motivator of food intake; however, taste alone will not satisfy hunger and appetite. Likewise, a one-size-fits-all approach will not work. Understanding the physiological regulatory pathways of satiety and food intake control, and more so, how these differ based on individual characteristics, will help us get closer to delivering satisfying foods and diets to which people can adhere.
Satiety is defined as the satisfaction of hunger and appetite. Satiety is influenced by dietary factors such as energy (kJ); energy density (the energy content for the weight of food); food form (liquid, solid); weight and volume of food; macronutrient composition, taste, and nutrient availability in a food system; and associated nutrients, like fiber. A single, optimal dietary composition for managing appetite, satiety, and body weight is unlikely to be developed. For example, sex-specific differences should be considered in devising strategies for optimal food intake and body weight control. Studies in premenopausal, healthy-weight women and men suggest that women respond to intestinal-phase cues for satiety, whereas men appear to respond to gastric-phase cues (36, 37) . Cognitive dietary restraint and obesity (current body weight status) have also been reported to affect physiological satiety signaling and, hence, dietary strategies to manage appetite and promote satiety and body weight control will require some level of accounting for individual characteristics, such as sex, age, body weight status, lifecycle stage (pre-or postmenopausal), and others.
Information technology
Information technology can be used to influence food choices. Various types of devices are being used in food retail outlets, restaurants, and at home that provide feedback to consumers based on their food selections. Self-scanners provide nutrition information that may alter food choice on the spot. Some food retail outlets have begun to use loyalty cards to alert users about recalled foods and are also educating consumers about the nutrition profile of foods purchased.
In the National Restaurant Association's 2008 Industry Forecast, 48% of consumer money spent on food was spent outside the home. Technology can also be used to help consumers make informed decisions when dining out. Seventysix percent of adults studied reported that they were attempting to eat healthier meals at restaurants compared with their choices 10 y ago. Some restaurants use technologies such as Web sites, kiosks, server hand-held devices, and receipt printouts to communicate nutrition information to customers to help them make better food choices. The technology to improve dietary choice can also be applied to provide feedback on how well a customer is doing relative to his or her own personal profile of needs.
Hand-held devices or phones equipped with scanners could tap into a bar code containing nutrient content information and report cumulative daily intake of specific nutrients of interest. Devices may be programmed with an individual's nutrient needs, so that tracking on a personal level is possible and more relevant to the consumer. Using this type of technology with children will undoubtedly provide an updated means for communicating and educating young minds about food and nutrients to support the needs of their growing and working bodies and brains.
Some devices can raise awareness about daily energy expenditure. For instance, the bodybugg is a portable, hand-held device that attaches directly to the body and measures the energy burned throughout the day using skin temperature, galvanic skin response, heat flux sensors, and a motion detector (3-way accelerometer) (38) . Using sophisticated algorithms, the device calculates and reports total energy expenditure, total number of steps, physical activity duration, sleep duration, and other parameters and is .90% accurate in reporting the energy burned. It is linked to an online database from which data can be 430S Supplement downloaded and combined with information about the diet (food intake report). The bodybugg communicates with Web applications such as eDiets (39) , FitDay (40) , and CalorieKing (41) . The program provides information about the amount of energy an individual will need to burn to balance their energy and, hence, maintain current body weight. For individuals trying to lose weight, devices like the bodybugg can provide the timely feedback and necessary details about what to do to achieve body weight goals. Devices based on the same type of technology for disease management are also being developed. Research using step-counters with goal setting suggests that use of technology will work for the motivated consumer (42, 43) . However, whether such devices will capture the attention and interests of the less-motivated consumer remains to be determined. Feasibility for wide-spread use, determination of most effective options, and the required level of integration in daily life to be efficacious are topics for research.
The needs of healthy people, people at risk, and tertiary health care consumers are likely to be different. Technology can allow individuals to manage their nutrition among other lifestyle factors. Witt et al. (44) reported that 6 y after a myocardial infarction, only~50% of people who did not change their lifestyle survived. Designing and executing studies involving the use of technology for different groups of people is merited and essential. The interactivity of the platform is also crucial for adoption of technologies. However, optimal use of technology for each individual will involve assessment of intake, planning of the new diet, implementation of changes, monitoring of individual feedback, and making any necessary modifications.
Accountability is a critical component of personalizing nutrition. A tradeoff in using technology to provide support to individuals on a quest for better health is the absence of the "human touch." However, people may report different dietary information to a doctor than to a dietitian and the reported dietary information may not accurately reflect what they actually consumed. Technology may help individuals achieve and maintain a healthy diet in that the anonymity may result in more honest recording of dietary information. Personal data assistants or websites can be used to help individuals report their eating behavior and physical activity. This information can be submitted at more frequent intervals than might be feasible for providing updates to a doctor or dietitian. Personal data assistants could also incorporate prompts to remind individuals to submit their information. Caveats associated with using such technology include individual education for correctly logging information about food and beverage consumption, the amount of time needed to perform such tasks (life is not a science experiment for most), the unstudied relationship between FIGURE 1 Flow process of breakout session. Participants were randomly assigned to 4 groups to identify critical research needs in genomics, behavior, food technology, and information technology. Participants were randomly assigned (n = 10-14 per group). The goal was to identify 3-5 research questions that would move the field of personalized nutrition forward and provide a measurable impact for improving dietary choices. Group members ranked research questions using a dot sticker voting system and were advised to vote/rank research questions based on 4 main criteria: 1) near-term impact; 2) progress of the field/area of research dependent on findings of question; 3) feasibility of addressing research question with existing resources at NCFST; 4) resource needs/partnerships (accessibility). Each group reviewed priority outcomes from the voting/ranking process and agreed as a group of the priorities to recommend. Recommendations from each group were reported to all participants after groups reconvened. A facilitator moderated the reporting session to finalize recommendations of major research topics and needs to be addressed. The outcomes from this session forms the basis for which a research agenda and strategy will be devised for the NCFST Health Promoting Foods platform to advance science and use of technology to improve dietary choices as a means to improve public health in America.
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The Internet is another tool that can be leveraged to facilitate dietary behavioral change. Although the direct interaction with a health practitioner is absent, Internet-based approaches can provide advice and interactivity that may increase the likelihood of meeting health goals. For optimal success, taking ownership of the plan is crucial. Any successful plan will have to incorporate the individual's interests, personal lifestyle variables, habits likely to promote success, barriers, and challenges. The process should involve self-monitoring, external monitoring, and use of technology for continual feedback that would occur weekly or less frequently.
The National Mindless Eating Challenge investigated how to help people eat better even when motivation is lacking. The study found that individuals who had free choice were less compliant than those who were told what to do (45) . The results of the study suggest that the application of 4 principles can be used to increase the likelihood of success at weight loss: 1) show them evidence that the change works; 2) give them a stylized but specific set of changes; 3) provide an accountability tool; and 4) provide encouragement and reassurance. The My Pyramid MenuPlanner Web site (13) , an outreach product from the Center for Nutrition Promotion and Policy of the USDA, uses information learned from The National Mindless Eating Challenge and puts the Dietary Guidelines into action using the Internet. The MyPyramid MenuPlanner Web site, launched in 2008, provides evidence that change works by underscoring that the guidance is based on the science-based dietary guidelines. It also recommends a stylized but specific set of changes but allows individuals to choose where to focus the change and keeps the changes small. MyPyramid MenuPlanner also provides an accountability tool in the form of a report card and daily checklist and focuses on behavior and not vague outcomes. Encouragement and reassurance is provided through "AskAmy," the online community, and podcasts (45) . The effectiveness of MyPyramid MenuPlanner has not yet been determined, but~3 mo after its launch, the Web site was receiving 750,000 page views/d.
Other programs also allow interactivity and provide support through the Internet. Shaping America's Health is a program Validate the impact of portion control packaging and identify new packaging methods that address sustainability and waste incurred from small packages and provide traceability. 3 Validate importance of maximize nutrition value while ensuring food safety and assuring consumer acceptability. 4 Quantify effects of preservation methods on nutritive quality of foods and identify alternate preservation methods along the supply chain to ensure good nutrition at acceptable manufacturing cost and low consumer cost. 5
Identify long-shelf life packaging and next generation packaging for bulk fresh produce and fruit. Determine effectiveness of technology as a tool to deliver personalized nutrition. 3 Conduct studies that examine the interaction of technology with different consumer age groups and generation (i.e. Gen X vs. Baby Boomer) on the efficacy of technology in personalized nutrition and improving nutrient intake and dietary patterns. 4 Determine the value of nutrient databases linked with branded products and assess the types and value of devices to highlight nutrients of concern. 5 Conduct research about how to collate research, locate and communicate information for users benefit and ease of access. Assess value of going into communities to communicate messages (Is a wider audience reached? Is the translation of message to action more apparent?).
that aimed to "fight obesity by providing tools, programs, and processes that empower individuals, families and health professionals in building community environments to reduce overweight and obesity." This program addresses nutrition, fitness, and health management as a whole and takes a stepwise approach to achieving goals. Shaping America's Health incorporated a personal health portfolio that included an online tool for calculating risk of diabetes, heart disease, and stroke. Users could adjust their health information to learn how their disease risk could change if they were to make specific modifications. The Shaping America's Health Web site also allows consumers to explore 5000 different foods and includes the "My Food Advisor" calorie-and carbohydrates-counting tool. The "eat well live well" challenge is another Web-based program that aims to improve the health of a community. The challenge began in 2003 as an 8-wk competition for Wegmans' employees and expanded to other employers in the Rochester, NY area in 2006. The challenge has become a culture based on 4 principles: "strive for 5" cups per day (of fruits and vegetables), "get moving" (walk 10,000 steps/d), "calories count" (so watch your portions), and "measure your progress." Participants are told what to do to achieve their goals and they use a pedometer to count the number of steps they take each day and track and record the number of fruits and vegetables eaten each day. Participants can keep track of their progress online or offline and can compare their progress or their company's progress to that of others. In September 2008,~46,000 people were registered with the Web site and 161 companies were participating in the challenge. Eighty-three percent of the participants in 1 challenge reported lasting behavior change and that their participation also influenced those around them. Approximately 96% of participants reported that they would participate in the challenge again. The program's success has been partly attributed to participants knowing exactly what they have to do to achieve their health and nutrition goals and having to be accountable for their own success. The Internet approach helped to achieve accountability.
A common problem is that individuals have a broad understanding of the need to eat better but have a shallow understanding of how to eat better. The optimal solution is different for everyone because of the influence of their biosystem (genetics, metabolism, behavior); the cultural, social, and psychological nature of taste and eating habits; and because change is difficult. Although there is knowledge about how to analyze and improve diet, large-scale implementation of current strategies is time intensive, cost prohibitive, and attracts limited resources. The Internet can help in that it provides computing power, interactivity, and broad reach. Technology can also assist in the acquisition of optimized meal planning. The MealWell program (46) incorporates evidence-based nutrition profiles to provide personalized meal plans to users. The meal plans are optimized using individual characteristics for each person using a Web-based interactive mechanism that incorporates lifestyle factors such as BMI, activity level, and personal dietary goals. MealWell can be used by patients or care providers and also as in wellness programs and preventive settings. The MealWell program has been tested in a pilot group of 50 patients and, based on feedback and outcomes, is currently under revision to improve customization in preparation for follow-up testing of the impact on health outcomes across a broad customer base. As economic pressures increase and health care expenditures on supportive care decline, programs like MealWell may be a practical and affordable option for physicians and other health care providers to extend to their patients.
Developing a research agenda for NCFST: nutrition health Following morning presentations and panel discussions (as described above), all meeting participants were assigned to a breakout discussion group to identify critical research needs in each major topic area, including genomics, behavior, food technology, and information technology. Participants were randomly assigned to these 4 groups to ensure cross-fertilization of ideas, expertise, and experiences. Participants were also provided 5 stickers (dots) each to be used during the voting and ranking process. The flow of the process is illustrated in Figure 1 . Each breakout group, comprising a group leader and 10-14 participants, was charged with identifying 3-5 research questions that would move the field of personalized nutrition forward and provide a measurable impact for improving dietary choices. Breakout group leaders asked group members to consider the important points of the earlier presentations and discussions and to provide a minimum of 1 research question related to the topic of their breakout group. Participants were encouraged to think and speak boldly, because there were no wrong answers. All research questions and needs were recorded on flip charts for ease of group review, discussion, and subsequent ranking. After discussing and clarifying the proposed research questions, group members identified the near and longterm questions/needs for their assigned topic. They also made note of any partnerships or resources that would be needed to complete or address the research question(s). Thereafter, group Determine the best approach for translating research outcomes into consumer messages and implementation of research outcomes 4
How to best make decisions about when to differentiate between advice to the population vs. individual. 5
Validate genomics tests as an effective tool for personalized nutrition (i.e. provides information needed to prescribe dietary plan/pattern for individual health benefit.) 6 Assess the ethical implications of genetic testing. 7
Characterize food composition using genetics and genomics technology. 8
Use plant genomics to better design human genetic studies/nutrition studies. 9
Determine whether there are genetic differences within the population for metabolism of specific nutrients such as folic acids or nutrient-related compounds, such as quercetin. Determine whether this information be used to design studies. 10 Integrate genomic studies with long-term food intake studies to track progress . 11
Partner or integrate genomics into future nutrition studies. 12 Conduct additional research on the relationship between micronutrients and genomics. 13 Conduct additional research on screening methods such as cell/tissue culture or animal tests on human outcomes. 14 Focus research on known biomarkers rather than searching for unknown biomarkers. 15 Identify sodium alternatives for``salt-sensitive'' genotype.
The role of innovation and technology in meeting individual nutritional needs 433S members proceeded to rank research questions using a dot sticker voting system. Each group member was given 5 dots to distribute among research questions indicating priority of research question(s). No more than 5 dots per person could be placed on any 1 research question and those questions considered less important received fewer or no dots. Individuals were advised to vote/rank research questions based on 4 main criteria: 1) near-term impact; 2) progress of the field/area of research dependent on findings of question; 3) feasibility of addressing research question with existing resources at NCFST; and 4) resource needs/partnerships (accessibility). Each group reviewed priority outcomes from voting/ranking process and agreed as a group of the priorities to recommend. When all workshop participants reconvened for a "reporting session," the leaders of each breakout group summarized their group's general discussion, communicated the top 3-5 research questions from their group, including any caveats, such as resource requirements. During this reporting session, a facilitator moderated the discussions and helped to make clarifications, identified common research questions and objectives across thematic groups, and provided a final summary to the greater group to confirm, culminating in an outline, the major research topics and needs to be addressed. This outline forms the basis for which a nutrition research agenda and strategy will be devised for the NCFST Health Promoting Foods platform to advance science and use of technology to improve dietary choices as a means to improve public health in America. The outcomes of this workshop further provide insight and direction to other health-related scientists and funding organizations of the diversity of needs and, moreover, the need for integrating basic, behavioral, consumer, and technological sciences with stakeholder input and commitment. Underscoring the diversity of needs is the acknowledgment that the development of any strategy, approach, or product to improve dietary choices must include research supporting the development of practical, affordable, implementable solutions across market segments, including income and education level, age/generational differences, and other relevant public complexities that would exclude or impede uptake of diet-related health opportunities. Tables 2-6 list the research needs identified by workshop participants in the field of genomics, information technology, behavior, and food technology. Table 2 is the priority list  organized by topic and Tables 3-6 represent the "long list" of research needs.
In conclusion, never before has our population been faced with the prospect that our children would live shorter lives than their parents. Rooted in this threat is the change in food, eating behavior, and lifestyle habits over the last several decades defining modern lifestyle. Has the importance of health been lost or temporarily misplaced in modern times? Combating the forces to achieve a sustainable national culture of healthy behavior for extended life and quality of life will require change, including an account of our past and what we have learned and an acceptance of our technological advances. Personalized nutrition presents a valuable opportunity to help achieve this goal. Extending the reach of the NCFST with the NutritionHealth Promoting Foods Platform provides an opportunity for application of food and information technology, genomics, and behavioral science to achieve individualized nutrition. However, integrating across the complexity of providing personalized nutritional recommendations requires a systems approach. Individualization of research and application are needed from genomic as well as behavioral perspectives. Food and food components need to be more broadly understood. Technology can be used to induce healthy eating behavior when motivation is lacking by serving as a bidirectional information conduit to bridge the gaps between knowledge, motivation, and action. Understand the relationship between brain chemistry and eating behavior.
11
What is the best ''language'' to communicate with consumers?
Technology can be used to formulate a successful plan but should factor in the individual's age, interests, and personal lifestyle variables, habits likely to promote success, barriers, and challenges. For optimal success, an individual has to take ownership of the plan, because the one-size fits all approach leads to lower compliance.
The Nutrition-Health Promoting Foods Platform research agenda will represent the combined effort of government, food industry, health organizations, and academia to expanding the scientific base that will facilitate achieving better health through personalized nutrition. A concerted effort involving the organizations above and community-level and faith-based initiatives as well as policy at the local, state, and federal levels should work together to implement change. Conduct studies that examine the interaction of technology with different consumer age groups and generation (i.e., Gen X vs. Baby Boomer) on the efficacy of technology in personalized nutrition and improving nutrient intake and dietary patterns. 4 Determine the value of nutrient databases linked with branded products and assess the types and value of devices to highlight nutrients of concern. 5 Conduct research about how to collate research, locate and communicate information for users benefit and ease of access. Assess value of going into communities to communicate messages (Is a wider audience reached? Is the translation of message to action more apparent?). 6 Assess the value of leveraging technology, gaming, and relational networks to deliver nutritional messages. 7 Assess the effectiveness of the concept of community (12-step model), which will be globally enhanced via technology. 8
Determine the right software, technology, connectivity for changing behavior in specific user groups (e.g. adolescent vs. geriatric). Determine behavioral``bio'' markers that can be used to assess health status and link to a device to monitor, and provide feedback. Early tracking method:preventive. 9
Determine the effectiveness of increasing the role of health-care provider in distribution and use of tools and information for better health care. 10 Tap into wellness programs connected to technology. 11
Assess participation in information technology formats to increase knowledge transfer of nutritional requirements. 12 Conduct research (surveys) to determine how people wish to receive their information. 13 Determine whether the information on government and other Web sites can link to information on the label, link to the actual product labeling, and affect behavior. 14 Determine what information people need. Gain an understanding of the search process for a person diagnosed with a certain health issue. Assess how well Web sites are set up to give helpful information and help people make better choices. 15 Better understand the use of Bluetooth technology, cell phones, iPods by companies such as Tesco and Safeway. Try to access database on consumer and if habits change because of profiles they receive.
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